longitude in March). This estimate is essentially based on empirical relations only and the assumption that the considered hydrocarbons have the same source distribution. As a by-product, we show that the c• defined above is related to the slope in the (logarithmic) correlation plot between the mixing ratios of two trace gases with different lifetimes. We also show that the global distribution of c• appears to be a useful tool to diagnose fast regional transport.
Introduction
The atmospheric distribution of trace gases is governed by three processes, namely, production or emissions (and their geographical distribution), transport, and losses. Each one of these processes leaves its signature on the atmospheric distribution. In turn, measured trace gas distributions can be used to glean information about these three processes. Particularly useful for that purpose are the light hydrocarbons, because they possess similar source and destruction processes yet a large range of destruction rates. Thus they can In this paper we propose an alternative approach to derive OH concentrations from hydrocarbon measurements, an alternative which requires fewer and different assumptions, and thus when combined with the traditional methods, it may provide an indication of the systematic errors involved in estimating OH. In the following we will first describe the assumptions underlying the traditional approach of rationing. We then show that the assumption of diffusive mixing significantly changes the interpretations in some of the hydrocarbon correlations.
Finally, we use a three-dimensional chemical tracer model to derive an empirical relation between the local
variance of a suite of tracers and their lifetimes. This relationship points to a new way in which hydrocarbon measurements may be used to derive OH concentrations without assumptions about the underlying physical model of mixing. To remain focused, the study is limited to near-surface air.
Use of Hydrocarbon Ratios to Determine OH
The underlying assumption in the rationing concept is that the function, which relates the hydrocarbon mixing ratio at the point of measurement to that of a point upstream, depends only on transport (mixing) and chemical loss and that it can be separated into a product of two terms, one solely depending on transport T(t,x) and the other solely depending on chemical loss L(t,x) [McKeen et al., 1990] . In all cases a Lagrangian approach is used with the further assumption that the chemical operator, L(t,x), is given by a simple exponential decay in time, that is,
Mi(t, x) = Mi(O, x) x T(t, x) x e -t/v'
where Mi is the mixing ratio of species i, t is the time since last observation at time zero, x represents the geographical coordinates, and 7i is the constant chemical lifetime.
In some cases it is also assumed that r(t, -
where 7 is the time constant for mixing or dilution with background air of vanishing trace gas concentrations. The vaiable 7 is assumed to be the same for all species and independent of the location. [cf. McKeen et al., 1996] . Equation ( for some special cases and numerical examples).
The physical model underlying differential equations (3) and (7) is that of an air parcel with an initial content of species i being placed at time zero into an infinite reservoir of air with another but constant mixing ratio of species i. Both air masses are thought to be com-pletely mixed internally and to exchange air between them at a constant rate defined by •-. There is, however, also a more fundamental problem. The applicability of the model is limited to situations where the simplifying assumptions are met by atmospheric conditions, at least approximately. Conversely the concept of a two-box model is a highly idealized description of atmospheric dilution. Thus the scientific task is rather to demonstrate (1) where the model assumptions are met or (2) what systematic uncertainties are to be expected when they are met only approximately under the conditions of observations. To highlight this point we first demonstrate that the model predictions about •, 7, and ri depend on the model assumptions. To do so, we consider two model cases where the mixing is provided by turbulent diffusion; that is, we contrast the assumption of mixing between the required minimum of two reservoirs with the assumption of gradual mixing along a continuum of reservoirs. This also sets the stage for the later treatment including all modes of transport by a three-dimensional chemi- Over the oceans that are crossed in at most 11 days, however, a uniform vertical profile is never reached, and vertical transport will always make significant contribution to the change in surface concentration, even for Rn5. 
Dependence of c• on the Chemical Lifetimes
Already the comparison between Plates la to lc indicated that a not only depends on the geographical location but that the local a also depends on the chemical lifetimes of the two tracers considered. To investigate this point more closely, we consider the a within the area 32ø-40øN latitude and 125ø-145øE, that is, an area comprising two grid boxes in our 3-D CTM. It was also sampled during both the P EM West A and B campaigns. The a for the various pairs of synthetic tracers are listed in Table 1 . They refer to the month of March and include also the tracers Rnl, Rn2, and Rn50 with lifetimes of 1, 2, and 50 days, respectively, in addition to those already mentioned. We will now try to apply the same principle to some of the experimental data from P EM West B. For that purpose we select the measurements of the hydrocarbons listed in Table 2 A similar effect can be caused by a possible contamination of the samples by alkenes generated at the walls of the sample flasks, a problem which has plagued early alkene measurements. From the linear correlations of the log of the ethene and propene mixing ratios against the allcanes it appears that this was not a source of concern for the present data.
The next assumption is that there are no other oxidants reacting with the allcanes or alkenes in a significant way, notably the nitrate radical and halogen atoms. None of these species have been measured during P EM Since the assumptions needed for the present approach are fewer and partly different than those needed for the traditional approach, it would be interesting to apply both techniques to the same data set. It would allow some insight into the magnitude of the so far unknown systematic errors introduced by the different assumptions of the various approaches. Since the latter also requires the knowledge of the average travel time from the coast to the point of observation as derived from trajectory analyses, for example, which are at present not available to us, this remains a future task.
We investigated the average near-surface distribution of trace gases with the same emission patterns but different atmospheric lifetimes. We showed that in the presence of diffusive mixing the rate of dilution depends on the chemical lifetime of the gas. In the 1-D and 2-D cases studied, this dependence is explicit in the analytical solutions presented; in the 3-D case provided by a chemical tracer model, this is shown implicitly by the fact that the horizontal mixing length depends on which, in turn, will influence the rate of horizontal eddy 
